Introduction: Cucumber is fruit of Cucumis sativus var. sativus L. which has been used traditionally in gastrointestinal problems, skin problems and as coolant in salad for body and brain. Cucumber is a great folk medicine used to reduce heat and inflammation. Cognitive effects of cucumber are assessed in this study. Methods: Fresh fruits of Cucumis sativus L. were ground and a paste was prepared which consisted of different concentrations of cucumber (30, 60, 90 % w/w). The three doses were given ad libitum to mice for 15 successive days. Animal models utilized were sodium nitrite induced hypoxia and object recognition task. Biochemical analysis employed estimation of acetylcholinesterase activity in brain, serum glucose levels, cholesterol levels, brain lipid peroxidation (MDA) levels and reduced glutathione levels in brain of mice. Results: 6g/kg and 9g/kg doses of cucumber significantly (P < 0.05, P < 0.01) increased frequency of entry, number of entry and duration of entry in small compartment in sodium nitrite induced hypoxia model and depicted significantly (P < 0.05, P < 0.001) enhanced exploratory activity in object recognition task model. Further, biochemical analysis indicated good potential of cucumber in cognition enhancement. 9 g/kg dose (P < 0.001) reduced brain AChE activity along with blood glucose and serum cholesterol levels. 6 g/kg dose (P < 0.01) replenished brain GSH levels and reduced lipid peroxides. Conclusion: Cucumber increased cognition in rodents.
INTRODUCTION
Cucumber is a fruit of Cucumis sativus var. sativus L. (Cucurbitaceae). The plant is a creeping vine bearing cylindrical fruit which is thought to be one of the oldest vegetables cultivated by man with historical records dating back 5000 years back. [1] Traditionally cucumber has been used in diverse gastrointestinal problems [2] but now in light of its other chemical constituents it has a wide variety of applications such as hypolipidemic, [3] hypoglycemic, [4] anti-cancer, [5] hepatoprotective [6] and anti-inflammatory [7] . Different chemical compounds such as glycosides, many vitamins, sitosterol, bitter principle cucurbitacins, cucumegastigmanes, lactic acid, agmatine, [8] polyamines, [9] triterpenoids, polyphenols, flavonoids, many amino acids etc have been isolated. [10] Cognition is the process by which the sensory input is transformed, reduced, elaborated, stored, recovered and used. Cognitive disorders are a category of mental health disorders that primarily affect learning, memory, perception and problem solving, ultimately leading to incapability in coping with complex and everyday activities. According to Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) the three main areas of cognitive disorder include amnesia, dementia, and delirium. [11] [12] Cognitive impairment is an important manifestation of several disorders such as affective disorders, schizophrenia, traumatic brain injury, cancer, infections, vascular diseases, ADHD etc. Alzheimer's disease (AD) is the most significant cause of cognitive impairment in adults.
In light of its traditional uses and recent studies indicating the presence of flavonoids, choline, agmatine and other polyamines in its seeds; it may possess brain function modulating activity. [8] In this study we have focused on one most critical domain of cognitive disorder i.e dementia, since delirium is temporary but dementia is progressive and unrelenting. The most common form of dementia in developed countries which primarily affects elderly people is Alzheimer's disease. In dementia the worst affected functions include personality, language, learning, memory and judgments. [11] 
MATERIALS AND METHODS

Experimental design
Fresh cucumber was purchased from local market in Hisar, Haryana, India. The fruit was authenticated at Guru Jambheshwar University of Science and Technology, Hisar, Haryana. The fresh fruits of unpeeled cucumber were ground into a fine paste using an electric grinder. Different concentrations (30, 60 , 90 % w/w) of cucumber paste in doses 3, 6 and 9 g/kg were fed ad libitum to separate groups of rodents through a specially prepared diet for 15 days successively. This special diet comprised of a mixture of cucumber paste, standard pellet diet (Ashirwad, Chandigarh, India) and a pinch of salt (sodium chloride); to impart taste. Each animal consumed around 5 g/day of this specially prepared diet. Control animals received the normal standard pellet diet without cucumber paste. On 14 th day, 90 min after the administration of diet, the animals were exposed to object recognition task and sodium nitrite induced hypoxia. The retention of the learning was measured on 15 th day after 24 h. After behavioral estimations; the mice were sacrificed to measure brain acetylcholinesterase, malonadialdehyde, blood glucose, serum cholesterol and brain reduced GSH levels. All the results were expressed as mean ± SEM. Data were analyzed using one way analysis of variance (ANOVA) followed by Dunnett's t -test on Sigmastat. P value < 0.05 -0.001 was considered to be significant. Karl Pearson's coefficient was determined for variables of parameters in object recognition task model.
Chemicals and vehicles used
5,5'-dithiobis-2-nitrobenzoic acid (DTNB), acetylcholine iodide, eserine salicylate (Hi-Media, India), piracetam (UCB India Limited, India), simvastatin (Krabs Biochemicals and Industries Limited, India), donepezil (Merck, Germany), cholesterol diagnostics kit (Erba Diagnostics, Germany), cholinesterase diagnostics kit (Bayer Diagnostics, India). Donepezil injection and piracetam injection were dissolved separately in normal saline and injected intraperitoneally. Simvastatin was suspended with 0.5% w/v carboxymethylcellulose sodium and given orally. Volume of oral administration and intraperitoneal injection was 1 ml/100 g of mouse.
Animals
Swiss adult mice (5-9 months old) weighing around 28 g of either sex were procured from the Disease Free Small Animal House, CCS Haryana Agricultural University, Hisar (Haryana), India. The animals had free access to food and water, and were housed in an animal room with alternating light-dark cycle of 12 h each. The animals were acclimatized for at least 5 days to the laboratory conditions before behavioral experiments. The Institutional Animal Ethics Committee (IAEC) approved the experimental protocol and the care of laboratory animals was taken as per the guidelines of CPCSEA, Ministry of Forests and Environment, Government of India (registration number 0436).
Sodium nitrite induced metabolic hypoxia
The observation area consists of a rectangular box of dimension 35 cm x 20 cm x 25 cm divided into a small chamber (1/4 th area) and a large one. Using lower doses of sodium nitrite (75 mg/kg, s.c.) mice were submitted to a positive reinforcement paradigm. [13] Groups of 6 mice were water deprived for 24 h. The mice were treated with the test compound 45 min before they are placed individually in a large chamber. On one wall of the chamber, there is a small compartment that contains a water bottle. The mouse easily finds the bottle and is allowed to drink for 30 s. Each mouse then received a subcutaneous injection of 75 mg/kg sodium nitrite (NaNO 2 ) before being returned to the home cage. Twenty-four hours later, retention testing was performed by placing the mouse in the large chamber, but at this time, the small compartment was kept empty. The frequency of the mouse exploration of the small compartment (FESC), number of entries of mouse in the small compartment (NESC), duration of exploration of the small compartment (DESC) while searching for water is evaluated over a period of 3 min. An increase in duration and frequency correlates with improved memory.
Object recognition task
The observation area consisted of a circular open field, 480 mm in diameter and the wall height 400 mm. Four different sets of objects, made of aluminum were used i) a cone ii) a ball iii) a plate iv) a glass bottle filled with sand. All objects were available in triplicate. They could not be displaced by the mouse nor could the mouse climb onto or hide under the objects. The objects had no natural significance and they were never associated with any kind of rein forcer. Two objects were presented in the first trial and a third one in the recognition trial to prevent odor cues. Objects were cleaned with tab water and detergents after each trial. During two consecutive days, the mice were habituated to the apparatus and the testing procedure. They were allowed to explore the empty apparatus twice for 3 min each day (one morning and one afternoon session). Animal was placed into the apparatus, equidistant from the two objects, facing the wall in front of the experimenter. Duration of exploration was 3 min.
Animals were trained in pairs of two trials that were separated by a retention interval of one hour. During the first trial (T1) the apparatus contained two identical objects, "A1" and "A2". These objects were placed in a symmetrical position about 120 mm (with reference to the centre of the object) away from the wall. During T2 the apparatus contained two different objects, a copy of the familiar one "A" from T1 and a novel object "B". Mean time (in sec) exploring the familiar object A(a) and B(b) during T2; and A(a1) and A(a2) during T1 were measured. Following parameters were measured (Table 1) Exploration is defined as follows: directing the nose to the object at a distance of no more than 2 cm and/or touching the object with nose. Sitting on the object is not considered as exploratory behavior.
Location preference was tested by comparing a1 and a2 (paired t-test).
A virtual group was constructed with a mean of zero and SEM that corresponded with the average SEM of the discrimination parameter. This group can be considered as a group that did not discriminate between the objects with an associated expected sample variation. Although this can be considered as an arbitrary choice, it provides a most optimal manner to evaluate whether the discrimination performance of a group in a specific delay condition differed from zero. For this virtual group, the mean (SEM) calculated for d1 and d2 were 0 (1.37) and 0 (0.06) respectively. Values of d2 below 0.15 can be considered as failure to discriminate. This value will refer to as the 'discrimination level' in the present study. In addition, the interdependency of different measures of object recognition performance (e1, e2, d1 and d2) was assessed using Pearson's correlation coefficient (r p ). [14] Collection of blood and brain samples The animals were sacrificed by cervical decapitation under light anesthesia on the 15 th day, 90 min after administration of the last dose of cucumber. Immediately after decapitation, the trunk blood was collected. Then whole brain was carefully removed from the skull. The collected blood was centrifuged at 3000 rpm for 15 min so as to separate the serum. The serum was used for estimation of total cholesterol levels. For preparation of brain homogenate, the fresh whole brain was weighed and transferred to a glass homogenizer and homogenized in an ice bath after adding 10 volumes of 0.9% sodium chloride solution. The homogenate was centrifuged at 3000 rpm for 10 min and the resultant cloudy supernatant liquid was used for estimation of brain acetylcholinesterase activity.
Estimation of brain acetylcholinesterase
Brain acetylcholinesterase activity (AChE) was measured by the method of Ellman et al. [15] [16] The change in absorbance per minute of the sample was measured on Double Beam UV-Visible spectrophotometer (Systronics 2203, Bangalore, India) at 420 nm.
Estimation of serum total cholesterol level
CHOD-PAP method by Allain et al. [17] was used for the estimation of serum total cholesterol. The absorbance was read at 510 nm and 630 nm (Filter 1 and Filter 2) against the blank sample by using double beam UV-Visible spectrophotometer (Systronics 2203, Bangalore, India).
Estimation of brain lipid peroxide level
Malondialdehyde (MDA), an index of free radical generation/lipid peroxidation, was determined as described by Ohkawa et al. [18] The MDA content was expressed Table 1 . Parameters analyzed in object recognition task (ORT)
Parameters analyzed Index Calculation
Exploration time for both objects during T1 e1 e1 = a1 + a2
Measure of global habituation from T1 to T2 h1 h1 = e1 -e2
Exploration time for both objects during T2 e2 e2 = a + b
Discrimination between familiar and novel object during T2 d1 d1 = b -a Discrimination between familiar and novel object during T2, a relative measure corrected for explorative activity (e2)
as nmol/mg protein. The protein concentration was estimated by Lowry method using bovine serum albumin as the standard. [19] Absorbance was measured at 532 nm using double beam UV-Visible spectrophotometer (Systronics 2203, Bangalore, India).
Estimation of brain reduced glutathione levels
Absorbance was measured at 412 nm on double beam Double beam UV-Visible spectrophotometer. Data are expressed as µg per g wet weight of brain tissue. [20] Estimation of blood glucose level GOD-POD [21] method was used for the estimation of blood glucose. The absorbance was read at 510 nm and 630 nm (Filter 1 and Filter 2) against the blank sample by using Autoanalyzer (Erba Mannheim Chem-5 Plus V2).
RESULTS
Cucumber paste given to mice ad libitum has not affected the diet intake and weight of animals in comparison of control group animals.
Effect of cucumber on NaNO 2 induced metabolic hypoxia in mice
FESC is defined as the number of entries made by mice in small compartment per minute. NESC is defined as the number of entries made by mice in small compartment in 3 min time period. DESC is defined as the total time period for which the mice remain inside the small chamber in 3 min time period. The 6g/kg and 9g/kg dose of cucumber given orally for 15 successive days reversed the metabolic hypoxic condition created by NaNO 2 , thereby significantly enhanced the memory of adult mice as compared to control group, by increasing FESC, NESC and DESC (Table 3) .
Effect of cucumber on memory of mice using ORT
It can be seen that the habituation / familiarity (f) indices were negative. Negative value reflected an increase in the total exploratory activity from T1 to T2. The exploration times in T1 were found to be not significant as compared to control for any of three doses of cucumber. 9g/kg dose is the highest effective dose as compared to control group (Table 4) . Results showed a significantly increased time taken by the mice for exploration of object a1 in trial 1 as compared to object a2 which depicts the location preference of mice for object exploration. However, in trial 2 the mice spends more time in exploring object b as compared to object a1. The object a1 was placed according to location preference of mice in trial 2 ( Table 5 ).
The Pearson's coefficient depicted the sympathy among all the variables in this procedure. A positive value indicates a positive relationship between variables and a negative value indicates a negative relationship. It depicts whether the variables are in proportional to each other or not (Table 2) .
Biochemical tests to identify metabolic effects of cucumber in mice
Results depicted significant decrease in acetylcholinesterase activity in brain of mice by 6g/kg and 9g/kg dose. All the three chosen doses reduced serum cholesterol levels, lipid peroxide levels in brain of mice and blood glucose levels, while these doses increased the brain GSH levels in adult mice (Table 6 ). Values were in mean ± SEM. Statistical significance was determined by one way ANOVA, followed by Dunnett's t -test. # P < 0.001, ♦ P < 0.01, * P < 0.05. CP = Cucumber paste.
Sodium nitrite releases nitric oxide (NO) in vivo.
Biosynthesis of NO occurs throughout the CNS particularly in the cerebellum in neurons as well as in glia from L-arginine by nitric oxide synthase. [22] Nitric oxide plays essential roles in neurotransmission and memory. [23] Normally N-methyl D-aspartate receptors are associated with synaptic plasticity and memory functions. The activation of N-methyl D-aspartic acid (NMDA) receptors leads to increased concentration of calcium ions intracellularly which begets activation of nitric oxide synthase (NOS) activity. Surfeit of NO in brain leads to degeneration of neurons due to exictotoxicity [24] and free radicals [nitrite and peroxynitrite (ONOO -) anions] generated by reaction of oxygen with NO. Cytokines originated from microglia may cause production of inducible nitric oxide synthase
DISCUSSION AND CONCLUSION
Sodium nitrite induced brain hypoxia or metabolic hypoxia is an interoceptive behavioral model which can be utilized for screening of nootropics and free radical scavengers having memory improving effects. Reduction in oxygen supply to brain as in case of hypoxia, hypercapnia or ischemia is reported to produce amnesia in rodents. Sodium nitrite administered to mice after training elicited retrograde amnesia in mice. Our results reflected significant increase in scores of FESC, NESC and DESC as compared to control groups in mice by cucumber administered 15 days successively, which indicated a vivid and consummate reversal of sodium nitrite induced retrograde amnesia in mice. Values were in mean ± SEM. Statistical significance was determined by one way ANOVA, followed by Dunnett's t -test. # P < 0.001, ♦ P < 0.01, * P < 0.05. CP = Cucumber paste, ND = Normal diet. e2, F = 0.8031, p value is 0.5348 (NS); d1, F = 14.923; d2, F = 15.427. p value is <0.0001. Values were in mean ± SEM. Statistical significance was determined by one way ANOVA, followed by Dunnett's t -test. # P < 0.001, ♦ P < 0.01, * P < 0.05. CP = Cucumber paste. Values were in mean ± SEM. Statistical significance was determined by one way ANOVA, followed by Dunnett's t -test. # P < 0.001, ♦ P < 0.01, * P < 0.05. CP = Cucumber paste, ND=Normal diet, DNZ = Donepezil, SMV = Simvastatin. For brain AChE levels F = 13.989; for serum cholesterol levels F = 9.725, p value is <0.0001; for LPO levels F = 10.897, p value is 0.0002; for GSH levels F = 11.842, p value is <0.0001.
(iNOS) and hence excess NO by microglia. Nitric oxide also binds to cytochrome C oxidase in mitochondria and is able to fetter cell respiration in a process that is reversible and in competition with oxygen. [25] This action can also lead to the release of superoxide anion from the mitochondrial respiratory chain. Thus, according to our results in pathophysiological conditions such as brain ischemia or neurological disorders, cucumber might have precluded the over-excitation of NMDA receptors. Furthermore, according to literature agmatine might inhibit the production of NO by proscribing the NOS instigation. Moreover, cucumber might scavenge the free radicals or curtailed their production and promoted the cell respiration.
Free radicals are the chemical entities that can exist separately with one or more unpaired electrons. The propagation of free radicals can bring about thousands of reactions and thus may cause extensive brain tissue damage which can lead to cognitive dysfunction. [26] [27] Cucumber reduces oxidative stress by enhancing the levels of GSH in mice. Oxidative stress can damage neurons and promote the release of excitatory amino acids, generating a 'vicious cycle' of events. Several neurotransmitters (not glycine or glutamate) are autoxidizable. Dopamine, its precursor L-DOPA, serotonin and norepinephrine can react with O 2 to generate not only O -2 but also quinones/semiquinones that can deplete reduced glutathione (GSH) and bind to protein SH groups. [28] Cucumber may fetter the oxidation of neurotransmitters. Normal brain also generates H 2 O 2 via enzyme catalyzation by MAO A and B, SOD, flavoprotein enzymes located in outer mitochondrial membrane. [29] Agmatine deactivates the MAO A and B enzymes through I 2 -receptor modulation. The rise in arachidonic acid coupled with increased lipid peroxidation can promote eicosanoid formation [30] and, if prostaglandins are not quickly removed, they can undergo conversion to neurotoxic agents, the cyclopentenone prostaglandins and the levuglandins. [31] A number of studies confirmed that the redox status of intracellular reduced glutathione (GSH) -the major antioxidant thiol in mammalian cells -would be a critical factor in determining cellular susceptibility to peroxynitrite. Thus, glutathione deficiency facilitates NO and peroxynitrite-dependent neurotoxicity by, possibly, increasing the rate of protein nitration and mitochondrial damage at complex I. [32] The mitochondrial content of glutathione is especially relevant for protecting the brain against peroxynitrite-mediated cellular damage. [33] The most important H 2 O 2 -removing enzymes in brain and other animal tissues are the glutathione peroxidases (GPx), a family of selenium-containing enzymes. They remove H 2 O 2 by coupling its reduction to H 2 O 2 with the oxidation of GSH, a thiol-containing tripeptide (GluCys-Gly). Reduced GSH protects cells from the toxic effect of reactive oxygen species or peroxidative damage and contributes to the elimination of organic peroxides and foreign compounds. It is also involved in the preservation of thiol disulfide status of protein. [34] The regeneration of reduced vitamin E (inhibits chain propagation reaction) from oxidized form is essential for antioxidant activity, which requires GSH. Our findings indicated that cucumber doses culminated in a cogent way to significant increase in GSH levels.
Object recognition task is a one-trial learning task having several advantages for assessing the effects of drug treatment on memory processes independently i.e. acquisition, consolidation and retrieval. In the present study, the cucumber significantly enhanced the absolute discrimination index d2 and relative discrimination index d1 as compared to control groups which reflected a remarkable increase in the recognition of new object by mice in trial T2. Cucumber also protracted the exploratory activity of mice significantly in trial T2 as compared to control group, which manifested perspicuously increased ability of mice for object differentiation. In general it is assumed that d2 is more reliable measure of discrimination performance than the d1 because it corrects for the total exploratory activity. But it has to be noted that also d2 should be treated with caution, as can be inferred from our data. A small change in exploration time in T2 will have a large effect on d2 value. But if total exploration is high enough then it is less likely to affect the d2 value i.e. d2 will then be independent of e2.
Release of acetylcholine in amygdale positively correlates with the performance on hippocampus-dependent task. [35] In the present study cucumber administered for 14 days to mice showed significant reduction of brain acetyl-cholinesterase activity thereby probably facilitating cholinergic transmission by replenish the stores of Ach and improving memory of animals. Furthermore, choline is present in high amounts in cucumber which also enhance the Ach transmission in brain by providing precursor molecule for its synthesis. Epidemiological studies indicates that high level of cholesterol contribute to the pathogenesis of cognitive dysfunction. [36] Interestingly, the mice which were treated with cucumber showed significant reduction in cholesterol levels in as compared to control group. Hyperglycemia imparts deleterious effect on the cognition of rodents. [37] Cucumber was found to reduce the blood glucose levels in present study. The hypoglycemic action of cucumber may be due to its extrapancreatic site of action, that is, by direct metabolic effect on tissues, particularly liver. [38] Insulin and its receptors are widely distributed throughout the brain, with particular abundance in defined areas, such as the hypothalamus and the hippocampus. Insulin may promote glucose utilization in hypothalamus and hippocampal regions thereby increase the memory. [39] Due to hypoglycemic activity cucumber also prevented sensory neurons, satellite cells, and Schwann cells in dorsal root ganglia of spinal nerves, which may undergo apoptosis in culture with high glucose concentration (>50 mM) as reported in recent findings. [40] 
CONCLUSION
In nutshell, cucumber improved the cognitive functions of rodents. Cucumber inhibited activity of cholinesterase enzyme in brain, reduced the blood glucose and serum cholesterol levels, deterred the lipid peroxidation in brain and replenished the GSH levels in brains of rodents. The properties possessed by cucumber culminate in prevention of neurodegenerative diseases vividly. Moreover, its potential to vitalize the neurons in ischemic conditions in perspicuous manner may propel its importance in brain injury, environmental toxicity and other hypoxic conditions.
